Possible role of adenosine deaminase in vaso-occlusive diseases.
To describe several emerging concepts regarding the biosynthesis, metabolism and biological roles of adenosine and to illustrate the possible significance of these ideas to vascular biology by proposing a hypothesis pertaining to the role of erythrocyte-derived adenosine deaminase in vaso-occlusive diseases associated with damaged erythrocytes. Three pathways of adenosine biosynthesis have been well established: the intracellular ATP pathway, the extracellular ATP pathway and the transmethylation pathway. A fourth pathway that has received relatively little attention, but could be particularly important in vascular smooth muscle, is the cyclic AMP-adenosine pathway. This pathway involves the extracellular or intracellular metabolism, or both, of cyclic AMP to AMP and hence to adenosine. Our recent experiments in cultured vascular smooth muscle cells, isolated vascular beds and intact animals support the existence of the cyclic AMP-adenosine pathway. Together these four pathways of adenosine formation should assure pharmacologically active levels of vascular adenosine. ANTIVASO-OCCLUSIVE ACTIONS OF ADENOSINE: The overall pharmacologic profile of adenosine suggests that this nucleoside functions to protect vascular beds from vaso-occlusive events. In this regard, some well known effects of adenosine include vasodilation, release of nitric oxide from vascular endothelial cells and inhibition of platelet aggregation, platelet adhesion, neutrophil-endothelial interactions, renin release and noradrenergic neurotransmission. Moreover, studies indicate that adenosine also releases nitric oxide from cultured vascular smooth muscle cells and inhibits vascular smooth muscle cell growth. Thus, any condition that reduces the levels of adenosine in the blood vessel wall or blood vessel-blood interface might predispose toward vaso-occlusive events. Adenosine deaminase rapidly metabolizes adenosine to inosine, which lacks antivaso-occlusive properties. Because erythrocytes are generously endowed with adenosine deaminase, any condition that damages erythrocytes will cause leakage of adenosine deaminase from erythrocytes directly onto the blood vessel wall, thus diminishing local vascular levels of adenosine. Experiments using dimethyl sulfoxide-induced hemolysis have confirmed the hypothesis that erythrocyte-derived adenosine deaminase can reduce adenosine levels in vivo. THE ROLE OF ERYTHROCYTE-DERIVED ADENOSINE DEAMINASE IN VASO-OCCLUSIVE DISEASES: Because multiple biosynthetic pathways maintain pharmacologically active levels of adenosine within the blood vessel wall and adenosine exerts a number of antivaso-occlusive effects, release of adenosine deaminase from erythrocytes may increase the risk for vaso-occlusive events.